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THE  BEHAVIOR  OF  A  GYROSCOPIC  STABHIZSR  ON 
A  ROCKING  BiUSS 


[Following  Is  the  translation  of  an  article 
by  Sanlor  Leetorer  A.  I.  Cb.lstyai£OT  ©f  Ka¬ 
zan*  Aviation  Institute  which  was  Tn&llshed 
In  Izvestlya  vysshlkh  Uchobnylch  Zavodeniy, 
Priborostroyeniye  (News  of  Institutions  or 
Higher  Sducatlen.  l^uipment  Manufacture), 

No,  3,  195^9.3  I 

I 

This  work  is  an  investigation  of  an  tmloaded  gyro¬ 
scopic  stabilizer  on  a  rocking  base, 

A  diagram  of  this  stabilizer  is  given  in  Pig,  1, 

The  conventionally  Investigated  stabilizer  has  beeii 
named  **unlaxial.**  although  actually  stabilization  may  bo  | 

'  produced  about  two  axes,  X©  -  X©  and  Yo  -  Y©,  This  can  be  ; 
done  because  in  the  usual  scbemo  of  a  gyroscopic  stabilizer 
we  take  advantage  of  the  preliminary  incline  of  the  rotor  * 
axis  In  a  Cardan  suspension.  In  the  scheme  ^^nder  consldera-i 
tlon  the  gyroscope  axis  is  inclined  in  the  XI  plane  at  an 
angle  B  of  considerable  magnitude, 

I 

Connected  with  the  outer  ghcbal  of  the  gyroscope 
Is  the  object  to  be  stabilized  and  the  rotor  of  the  stabi¬ 
lizing  motor  which  is  controlled  by  a  relay  switch  placed  i 
on  axis  Z  -  Z  of  the  inner  suspension  glmbal.  In  addition, 
the  motions  of  the  system  about  axis  X  -  X  during  rota¬ 
tions  of  the  base  about  axis  lo  «  I©  are  utilized  in  stabi¬ 
lizing  the  motion  of  the  base  about  this  axis. 


--  Codes 


1 - 


i  ,ct/oi 

SpOCIdl 


During  oscillations  of  the  base  about  ax^s  Yq  •  1q 
and  Zp  -  2io,  the  system  decsrlhed  has  a  tendency  to  deviate 
from  the  assigned  position  along  axis  X  -  X,  even  in  the 
jabsence  of  a  load  on  the  part  of  the  object  to  be  stabili¬ 
zed.  The  velocity  of  deviation  is  such  that  this  phenomenon 
can  be  explained  by  the  nonuniformity  of  friction  torque 
along  the  precession  axis  Z  -  Z  (during  motion  in  one  and 
the  other  direction  about  this  axis),  l1]  ot  by  the  connec¬ 
tion  of  the  inner  girabal  and  the  outer  by  means  of  the  con¬ 
tact  control  system.  [2] 

There  is,  however,  fuller  explanation  for  this  phe¬ 
nomenon.  if  we  take  into  account  the  nature  of  motion  of 
the  system  along  the  axis  of  precession,  the  reaction  of 
the  system  to  oscillations  about  axis  -  Yq,  and  the 
effect  of  the  forces  of  inertia  and  friction  torque  which 
appear  during  the  oscillations  of  the  system  about  axis 


The  requirement  is  to  deteinulne  the  motion  of  the 
system  along  axis  X  -  X  if  the  base  makes  periodic  oscilla¬ 
tions  in  two  planes,  such  that  the  angular  velocities  of 
motion  of  the  base,  relative  to  axes  OX^Y^Zq  which  are  eon- 


nected  with  them,  have  the  following  values  t 

"vo  «t|)«=YoPsinp/. 

“’zo  =^«  — Yopcosp/. 


(1) 


where  v,i  is  the  amplitude  of  angular  oscillations;  and 
p  is  the  circular  frequency  of  oscillations. 

Axis  CXq,  being  rigidly  connected  ^^ith  axes  OYg 
and  OZq,  will  hove  a  composite  motion.  In  accordance  with 
expressions  (1)«  oxls  OXq  along  with  axis  CY^  will  complete j 
oscillating  motion  relative  to  axis  OZq,  and  along  with 


axis  OZp  will  os:l'late  relative  to  axSs  OYq.  Both  of  these 
oscillating  .not lens  oi'  axis  OXq  take  place  with  a  phase 
shift  of  9CP*  Thus,  in  accordance  with  expressions  (1), 
axis  OXq  moves  along  the  surface  of  ?.  right  circular  cone 
with  tne  vei-'ucix  at  the  origin  of  the  coordinates.  Here, 
axes  OYq  and  OZq  do  not  turn  about  a:cis  OXq.  Talcing  into 
consideration  what  has  been  said  above, 


Fig.  2 
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i we  can  write  (Fig.  2) 


i  ‘***o*=Pco';yo  —  cos 

Or,  for  sniall  angles  Y« 


Sfmations  of  Motion  of  the  System 

A-SSizir-Jx^  that  the  gyroscope  is  astati-  and  neglec¬ 
ting  frictiO:i  troque  and  the  gyroscope*s  inertia  about  ciie  ; 
axis  of  precession  Z  -  Z,  \Te  will  write  the  ecuations  of 
the  stabiliser  within  the  system  0'<f2  connected  with  it,  in 
[the  follcv  i.-'.  ,  forrai 

I 

fl  3. . 3*  //ces  ({Jv  —  p)  —  Ma  sign  J  i—  iPL 

a//cos:^y  -  3' cos  (fiy  — 3'  “ ‘"v  ^ trv  —  ?!  —  0. 


The  aquations  ;.re  oxpinlned  in  Pig.  1. 

Here  Mi  i.s  o-io  I'rlotlou  torque  along  the  c-xIg  stabili¬ 
zation  X  -  Xj 

is  the  torque  of  the  stabiu-iaing  motor 
J  is  she  i;ion<ent  of  inertia  c/:  h.;  .  tabiliiter  relative 

to  the  aOxis  of  atbllization  h  -  h  f.l’v;  -  he  moment  of 

inertia  of  the  object  to  be  stat  ,1  ;  vhvich  has  bee 

brought  to  this  axis; 

H  is  the  kinetic  moment  of  the  g^/rescooe;  and  »%. ‘»y, 

are  the  projections  of  u-.-  nsfsr  angular  ve¬ 
locity  of  the  OXJZ  syster:  onto  the  corre¬ 
sponding  axes  c?  tJ'ais  system. 

The  characteristics  of  [pj  are  shown  ic;  Fig,  3;  here  angli 

P  is  measured  beginning  at  the  value  of  pv  •  Assuming 

that  angle  p  is  siaall  in  comparison  T/ith  angle  Pv  and 

COS(p,^— P)  ssCOS  Pv, 


t£?(py—  p)  *=Ar  —  p,where^=tgPv. 


I 


— —  4 


Fig.  3 


Inlrofjyclni:  a?_sc  a^slgnaticns 


•~irr->u 

i. 


i'v/e  will  write  equations  (3)  for  the  motion  of  the  system  in 
the  form 

p  -u  mi  sing  a  4-  <7  i  --  |Pj  . 

a -f  a#j,  —  Wy  (/c  —  p)  “0. 

The  position  of  the  stabll-ioer  relative  to  the  base 
is  determined  by  two  angles*  angle  P  within  the  system 
OXYZ  and  angle  «  bet^veon  the  systoi::  OJCYZ  and  the  system 
OXoYqZc  which  is  connected  with  th^  base.  It  is  not  diffi¬ 
cult  to  see  in  this  connection  that 
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I 


* 

I 


I 

\ 


i 

i 

I 


H  e  ,10  0 ,  t  aLriaf-  Int  o 


_ I _ — 

1-^  cosot  +  a»,^  sin  a  . 

>u^=  «Uj(^  cos  a  —  sin  a . 

account  Equations  (1)  and  (2), 


a»,-  -  ~lo  P 

/?  IpSin  tpt  -  o> 
^t.2;  “  ~^P  'it  KP^  *" 


t 

i 


we  get  ‘ 

(6)  I 


iThus,  the  ?elatio!:.3  (6)  are  detei-rrij-Deti  by  the  laws  of  ootloi 
of  the  base  tltutlng  them  intr;  the  original  system  of  ! 

Bquaticns  (4;,  vrc  Cinf’lly  obtain 

P  -  /’Vo  ‘ — a  i  -  an  4- Wa  sifji)  u -'Ti  ,„ 

'  1  ^  ^ ^ 

I  --  UP  --  < ''  PSa 

Here  the  equation  cnaracterir-os  r'/e  notion  a3.ong  the 

ajcls  of  proc ijssion,  Jiuid  t’\o  second,  d-i-  ;*loiig  the  axis  of 
ritabilizatlon* 

Solut  ion  of  the  ProbI?;.i 

An  accurate  solution  of  these  e.quiitions  presents 
considerable  iifilcaltles,  Tnerefore  the  iiolutlon  will  pro¬ 
ceed  by  tn  method  of  suooosslve  auprcxtrj«-tlons.  First,  how¬ 
ever,  we  v;;Lll  simplify  the  equations, 

Tt  can  be  assumed  with  a  s'Jtffici«mt  degree  of  accu¬ 
racy  that  the  presence  of  a  moderate  remount  of  dry  friction 
hs3  hardly  any"  effect  on  the  hemoaic.  nature  of  the  forced 
loss  Illations*  In  this  case  dry  friction  cfui  be  lltcened  to 
isome  equivalent  viscous  friction,  Ht/ro  the  coefficient  of 
viscosity  should  be  a  function  of  the  frequency  and  ampli¬ 
tude  of  the  forced  oscillations* 

The  8qu,iva^.er\cy  is  determined  from  the  condition 
that  during  oho  fourth  of  tha  per led,  the  paths  traveled  by 
jthe  gyroscope  about  axis  Z  -  2  at  velocity  m  '<  depending 


6 


on  the  actiosa  of  dry  friction  along  the  axle  X  ~  X,  and 
velocity  f r  *  a  depending  on  the  action  of  its  eqnlvai.sav. 
viscous  friction,  are  identical. 

Then,  on  the  one  hand, 

IT  K- 

T  ~T 

•  J  =  •  di  -  — 

0  a 

and  on  the  other, 


'^ence  It  follows  that 


rtta 


n 

T/p'to 


(8) 


i 


Taking  into  account  the  substitution.;  .node,  the  system  of 
equations  (y)  is  vrritten  in  the  form 

P  —  p\0 cos ipt  -  a)  /r  a  ni  ,JP|. 

^  "  'r  xtP  — (^  — P)PYos«n(p< '  -0  ^9) 


Vi/e  v.'ill  further  note  thac  t  'e  '.n  valuer  of  an^le 
a  change  comparatively  slowly.  Then  v.e  assume  that 

the  change  of  angle  a  takes  place  yfithin  a  sm.all  range 
about  a  cert.aln  slowly  changing  value  of  ao  ,  so  that 
a*a«+Aa  ,  where  Ao  is  a  small  angle.  Further,  in  the 
first  approximation  we  will  neglect  the  value  Aa  in  compa¬ 
rison  with  pt  iii  trigonometric  express jorn. 

Let  us  first  consider  the  problem  v/ithout  taking 
into  account  friction  and  inertia,  i,  e.,  by  substituting 
into  system  (9) 


a  =  fp  =  C 


Then,  from  the  first  equation  of  system  (9)  find 

the  law  of  motion  along  the  axis  of  precession,  neglecting 
at  first  the  action  of  the  motor  (i%  [pj  =  0); 

I  P(0’=Yosin(p/— ao)+c,  (1C) 


j where  at  t  =  0,  P=»— Yosinoo  ,  and  then  c  =  0. 


I  It  is  quite  obvious  that  with  the  motor  acting  cn 

.the  system,  the  oscillations  along  the  axis  of  precession 
PlO  will  be  circumscribed  by  the  range  of  insensitivity 
of  the  relay  switch.  Here  the  motion  from  one  contact  of 
the  switch  tc  the  other  will  be  determined  by  the  motion 
of  the  base,  and  there  will  be  oscillations  on  the  contacts 
with  amplitudes  and  »  caused  by  the  connection 

and  disconjcQOtion  of  the  motor  (Fig.  4  p[/}.  also  Pig.  3)* 


Fig.  4- 


TliUr,  the  solation  of  the  :'lvr.t  eq'.i  .tio:'.  ‘'f 
(7  )  oV.l  be  presented  ir*  the  form  cf  ^  perior^ie  fimjt  lo., 

'/I  V  ith  the  phase  i-.splaced  by  '  r^'l  -tlve  eo  the 

'  ‘  ’  I'  T-^ 

f'inr.tiou  .  Sxpandlng  the  function  Pi'!  Into  a  I'ou'-  r- 
series  'inn  oui’selvas  to  the  fir-'t  •'•err.  e.'  'i. 

rir;j,  v,e  T-.ill  yjvlte  the  final  equation  iii  ti.G  form 

B  I  p  ~  *p,'  h  sin  (f  ■  sin  i/>/  4-  —  a^—  (ft  «  -m  <{  i  it  '(II  ; 

: -vnors  <  -  y«i 

:  " 

Substituting'  tiic  solution  obtci:ln-'i  irho  tho  scccr.d 
'.equation  of  (9)i  we  p.ot 


1 


K --  -priori:’ f  cos  -  vV  —  ||  '»  (osm  —  o  . 

'and  after  t-t -jus  do  lit  ion 

i 

! 

i  r-.  r -■  r  -h  '  </’'  -  ' 

I  «. 

!  •”  TT'h'fo  ^  ^P'  —  ®«»*  V:  h  'h ''•'•*?  Cl )■’  (/!/.  ---  nif,) 

I 

i 

i  Hero  the  ultinate  and  penua  air' :  *  *  ttririf'  ^harect'  * 

^rlze  oscillations  of  •un  a  mplitude  ?n:h  ■)  ti  co*'.ip-.r-i son  vviph 
'  Y?  .'iiid  of  riouble  tho  frequarcy .  In  •  ha  .iple-  motion 

"oi -r  :.,;nod  by  the 


alon^i!  tho  roxi'3  of  st?bili.';h  ion  v  i.-.. 

I  e7pre3s3oii 

i 


I 


a  jr-  Kp  Y'o  ><1(1  (/'/  —  %)  -f  a  -  ;  i  '■  ■  n.'  «  i. 


iwhere  the  .-^irst  ter.m  -.harr’cterizes  oset_'  'tory  motion,  uid 
;the  second,  tha  velocity  of  the  c  j;a-.a«.rh.  cisrlace!r''-at ,  ihis 
i  velocity  Id  relat  ively  small  in  ,.»lti-d0,  and  ther  efore 
I  the  effort  of  force?,  of  inertia  and  r’ricr.ion  vill  conirlst 
1  primarily  of  oscillatory  motion  abort  a:-' is  X  -  X.  W"  this 
j reason  we  will  assume,  for  the  purp'.se  of  deriving  a  of 
;the  second  approximation,  that 


land  its  integral 


u  =  pfiYf  sin</»^  —  i(ih 


(1  =:  -  /CYV  I'OS  «  pi  It  I  )  t  c. 


(12) 
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'.'here  -it  ^  -  C,  u  tt^ffco^oo  aj.C|  consequfn^.lv  ,  ' 

! 

i  Integrating  the  first  equation  of  (9)  i- 

!  ti'.tlnsr  lntt>  it  t-:  j'v^i'ues  of  a  ani  n  of  the  ^trst  Hprvo**  | 
■  s-^at-icn,  s-w  ..1  !5(<>  of  the  second  appro?  imatio.:  i  lphc  ■ 
I  c  v. -iv,  /’tho-.  '  t?vK:ino  into  account  the  effect  cr"  ■'  h?  r 


(5(0  *Vosin(p/ —  ao»  <-««♦•/ 

=  \oMn‘p^  —  os  ipr  —  a«) 


where  c  i?5  a  coiv't  iac  of  inta-'rat  jo.  which  ? '  negligible  ij 
subsequent  analyir  is . 


where 


d:' 


The  r-'pre.-isicc  ootnLneo  c  reduced  to  •.'he  forr. 

P'M  =/  -  .lo  -■ 


tl? 


_fr» 

>  ajip 


(i‘) 


Taking  Into  ronslderntlci:  ■  h\  effect  .f  the-  inolOT  ' 
we  plot,  accordir4;  to  the  function  (5'-';  ,  t.  graphically  ‘ 
averaged  funetjon  pf/]  (Fig.  Sbenan  Mnu.  i-'  .-'jato  a  Fou-  i 
Tier  series  and  ]  inltinf  ourselves  is.'  its  fir.st  term,  we  j 
(have  tba  solutfot  of  the  fir.st  equatica  of  the  system  to  a  1 
!  s  ec  ond  a pp  r  o>: ' m. t.  ion :  i 

7C  ^ 

P  {/]  —  - A  sin  { pr  -♦  — Oc—  -Pr  C',>s  (pf  --  lo—  T ). 

where 


q.-<r  p  i  9t 


(15) 


ir 


1 
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Then  a  of  the  second  approximation,  ir.  acccr  '  no  a 
v.lth  the  seconr':  equation  of  the  system,  will  be  v.'ritte:  .  , 
fallows:  I 

•  ^  i 

■cosipt — Oo""*?)* 


'  gr.d  after  transposition 


-  /•-  A  sm  fo  S'n  2  f/)/  —  Oo - 'j  cp) 


C16J 


Thus  we  havf-  a  co!Spov.Uu'  inotloxi  alo^v  ^he  axis  of  stabil:’£2- 
1  tlon.  The  motion  c^uitists  of  oscillatory  Eccicn  (bat5.c:dly 
determinable  jy  '  .;j  third  term)  and  an  addeo  constant  nom- 
ponent . 


equals 


Thf!  constant  component  of  the  d.!.splaoer’<3nt  r-^ta 


After  substitution  of  the  values  of  iuimj  ai.d  Mn(|>o  the 
expression  for  t;.-*  vcnotant  ccnponent  ci  ■’.ho  displacement  I 
rate  can  bo  reduced  tc  I 


«^-rTof  <  ‘ 


-f  iiin-  9o  "  ’’9c  -  "7 


where 


—  '  do 

9o  --  o  «  '  rt::: 


2  lo  v^(I 


(17)  j 


*l  2 

The  first  term  of  the  derived  expression  ^  . 

characterizes  the  departure  along  tlue  axis  of  stabilization 
from  the  rotation  of  ths  base  about  axis  X  -  X,  The  sign  of 
displacement  changes  with  the  charigr  of  direction  of  the  | 


t 


^ M  ci tOjLji  ijx  i/ii'S  D&S'Sa 


I  The  second  term 

A  pstn-(j,o 

char^icterizes  displacement  along  the  axis  of  stabilization  i 
;  from  oscillatory  motion  of  the  base  abotir  '^xes  Y,-  - 
I  along  V  and  Zg  -  Zq  along  -d  with  a  90*^  phc^ae  civ:,. i. v. 
j  magnitude  of  displacement  is  determined,  all  other  condi-  ; 
!  tions  being  equal,  by  the  magnitude  of  the  Insensitive  zon^ 
!  an  l  by  t>  c-  c.niplj.tude  of  oscillation  A.  The  sign  of  disT>la-  i 
;  cement  changes  with  the  change  of  direction  of  rotatio  n  of ' 
I  the  base,  i.  e.,  a  phase  shift  of  ~90®  in  the  oscillations  I 
of  the  base  along  if  and  d  reverses  the  sign  of  disnla-  : 
!  c  ement , 


;  In  the  case  of  a  free  gyroscope  (2%lhl  =  0)  this 

j  tern  will  be  eqtal  to  a  To  p,  If  ve  substitute  the  expres-f 
!  Sion  (10)  for  ^(i)  into'^thy  second  equation  of  the  wsystem 
j  (9).  Then,  tvoicliig  into  account  the  first  tann  of  the  ex-  ' 
pression  (17),  the  ultiraate  value  of  f.  would  equal  zero,  j 
!  In  the  case  under  consideration  the  term  I 

(  I 

j  is  smaller  than  A  lo  P*  physical  cause  lies  in  the  fact 
!  that  the  precession  of  the  gyrosceve  .H-ong;  ay.is  2  *•  Z  is 
■  circumscribed  by  the  boundaries  of  inso'ns.ltivity  of  the 
i  switch. 
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The  third  term 


-~aA^Jp»sin3<po 


characterizes  displacement  along  the  axis  of  stabilization 
as  a  ftaaction  of  forces  of  inertia  which  appear  during  os- 
cjllations  of  the  system  about  this  axis*  However,  the  os¬ 
cillations  of  the  system  about  axis  X  -  X  are  basically 
determined  by  the  inclltiation  of  the  axis  of  the  gyroscope! 
rotor  and  by  directional  oscillations  of  the  base.  The  mag¬ 
nitude  of  displacement  is  determined  by  the  system  parame¬ 
ters  ^  ,  A  and  ?  ,  The  sign  is  a  function  of  both  the 
direction  of  rotation  of  the  base  and  the  direction  of  the 
vector  of  the  gyroscope* s  kinetic  moment.  Thus,  depending 
on  the  direction  of  the  vector  of  the  gyroscope* s  kinetic 
moment,  the  -effect  of  the  forces  of  inertia  will  either 
decrease  or  increase  the  displacement  rate  along  the  axis 
of  stabilization. 

In  Figs,  5  and  6  Is  Illustrated  the  physical  cause 
of  the  effect  of  Inertia  along  the  axis  :-f  stabilization 
upon  the  accuracy  of  stabilization  of  the  system  relative 
to  this  axis. 

Figure  5  shows  curves  of  the  change  of  the  direc¬ 
tional  position  of  the  base  ifi^)  and  of  the  velocity  of 
precession  0(^1  as  functions  of  inertia  forces  only.  In 
Fig.  6a  we  present  a  case  idiere  the  base  turns  In  the  right 
hand  direction.  Here  the  precession  vector  of  angular  velo¬ 
city  PUl  ,  as  a  function  of  inertia  forces  of  the  syst«n*s 
turn  to  the  right  along  the  axis  X  -  X,  Vrill  have  a  direc¬ 
tion  along  axis  02, 
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I  Let  r.s  e'x-pan6  the  angular  velocity  Pf^j  .iLo'u-  -i' 

direction  0-0  relative  to  which  the  b'iSe  unc'o'";;;o.- s  ■ 

I  t  oscillations,  and  perpendicular  to  it.  The  coiixc^.eat 

j  In  th.'  0  -  0  direction  characterizes  the  direction  of  tne  i 
j  .sepnrture  of  tne  g5T:oscope*s  axis  in  space  durinr:  f  he  htilS  i 
i  reriod  of  oscillation  of  the  base  under  conslrt tio a.  T  :e  I 


seccnd  half  of  this  period  is  illustrated  in  Fi,-: ,  6b. 
precession  vector  of  angular  velocity  v;ill  now  be  di¬ 

rected  alcn,'-;  zhe  negative  axis  OZ,  and  its  cosipcnent  along 


rectlonally  const'Vit  displaceiaent  cf  tfic  ^/^yror.r^cpe^  s  JOCls 
ii;  sn-tce.  It  is  not  difiieult  to  see  (Fig.'s')  that  the  pre- 
sene  a  of  a  motor  liniit.s  the  period  uf  h/e  effect  of 
and  nones  dlt.l.iishes  the  effect  of  forces  on  the 


behavior 


t.va  system. 


obtained  by  taJ>:.ing  into 
as  follows: 


account  Eqnatioti  (S)  can  be  written 


I 

) 


This  Zx^TW.  characterize^:’  bu:-  r.isp*.hacci:aeut  component  | 
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along  the  a;:! a  of  stabilization  as  a  function  of  friction 
tor'^.ue  appearing  during  the  oscillations  of  r.he  svjtec 
I  about  this  axis.  The  effect  of  frictio. ;  torque  ;Ui  id..-o  I  • 
termi  ;ed  hy  the  inclination  of  the  gyroscope’s  axis  Pv  and, 
•by  Che  directional  oscillations  of  the  base  (if  we  assume  j 
that  •‘:ae  luigle  is  fJiii-all)*  The  sign  oi  dupai'turo  It  det. 
ned  oiily  by  the  direction  of  the  vector  of  tho  g/rc/i.  . 

kinetic  noiment , 

I 

The  piiysica3,  cause  of  displacec'iont  along  the  a'xls  | 
of  stabilization  as  a  function  of  the  effect  of  frictlor-  ; 
torque  along  this  axis  is  shown  in  Figs.  7  and  6  and  r^. tit - 
res  no  sxpl^rtaticn.  We  onil.y  wish  to  note  that  at  A  -  ‘-bo  the! 
magnitude  of  displncecaent  will  be  the  greatest,  (2<po*^  ^ 


land  In  the  ca.se  of  a  f.ree  gyroscope  t;.e  displacement  caused 
by  friction  'iiong  tha  axis  of  sta .. '1  ;..2ai  ion  v/ill  equal  zeroj 

CoUvrlusioni  t 

!•  Dm. In.,  oscliletio/iS  of  the  base  jjri  two  mutually 
perpendicular,  nlane;-;  y^ith  a  phase  shift  of  along  axis 
X  -  X  of  a  gyroscopic  stabilizer,  there  will  bo  a  constant 
displacement.  The  rate  of  displacement  a  is  not  a  function 
of  the  raagnJ.l;ude  of  angle  a. 

! 

2.  The  phenoicencn  of  dlspir  .cc'^ent  is  expXai.ned  by 
the  nature  of  motion  along  the  a'-i;-  m'  j:recession,  caused 
by  the  relay-typo  swltci;.  .'md  an  Ijis.cn.rft  ive  zone,  and  the 
effects  of  inertia  and  ♦D:iction  vlec-vluf  1.  •'  during  oscilla¬ 
tions  oi  the  sys"u;iir:  about  axis  X  X, 

i.  The  T'.q.xitude  of  uisplace  .rux  .1-'  a  function  of  | 
the  follov.'ln"  par-ijmet .irri  ci  -tha  sytio^;  : 

t 

fiy  -  the  incline  ai:gle  of  cho  gyroscope’s 

200-’  magnltudo  of  the  zone-  of  insensit  Ivity  of 
ti'e  switch, 

J  -  t/1.0  torque  cf  the  syst-^v:  alonq  axivS  7^  -  X 
-  the  friction  to.T'iUe  .?l.>ng  ac/ls  X  -  X, 

4,  In  ordv:r  to  diiolnlsh  dh','.;.la'-ornsjit,  it  is  advi¬ 
sable  that  the  direction  of  the  t'-o'  -  r  of  t.'.-e  gyroscope’s 
kinetic  moment  be  such  that  its  ':,\on  cn.  tne  axis  of 

stabilization  coincides  with  the  dine  ..ion  of  t.he  projec¬ 
tion  on  thf.  s?.ci;e  axi.s  of^th-  i-cigul'c'  velocity  vector  of  the 
motion  of  the  base  i  at  +n  w"  lu.s't  [■•j.cfi 
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5*  -'he  eicpresslen  (17)  at  k  =  0  character  l.zes  the  I 
displacemeiit  along  the  axis  of  the  outer  gimbal  of  a  i;.v'ro-  : 
! scope  with  t?iree  degrees  of  freedom,  with,  correction  of  \ 
,the  perpendicularity  of  the  gimbals  from  the  relay  switch 


2  Yo/»  - 


(1-) 


:  where 


_  n  ^ 
<fn  -  “2" 
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j  of  the  Dir:crional  Cry’"©  I-orj'.tcl  on  o  Horizcncal 

liase],  T/udy  [Tran^ac'  zons  o?  ..'oscoo  Higher 
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